Purpose: Unintentional drop in body temperature in trauma victims is an independent risk factor for mortality. We aimed to assess the impact of thermal insulation on image quality and radiation dose in polytrauma computed tomography (CT). Methods: Thirteen different insulating covers were used to wrap CT phantoms. Images were assessed subjectively at a radiological workstation and analyzed digitally with dedicated software evaluating the noise intensity, spatial resolution, and image homogeneity. The radiation dose was measured using a dosimeter. Results: Most materials did not cause significant artifacts apart from 2 heating pads. Although the radiation dose was increased by the majority of insulating covers (up to 64.66%), certain covers decreased the absorbed radiation (up to À7.35%). Conclusions: The majority of insulating systems do not cause artifacts in CT scans. When using covers with self-heating warmers, removing the heating pad is suggested due to the risk of considerable artifacts appearing. Certain insulating covers may increase or decrease the radiation dose.
Introduction
Post-traumatic hypothermia, defined as a fall of central temperature below 36 C, is a common problem. 1, 2 In almost 60% of patients admitted to an intensive care unit, traumatic injury is associated with hypothermia. 3 However, hypothermia is not only a phenomenon associated with trauma. Shafi et al showed in a study involving 38 550 patients, based on trauma registry, that hypothermia is an independent risk factor for mortality. 4 The heat loss in trauma victims can be several times higher than in healthy individuals. 5 Patients with brain injury and those treated with opioids and paralytic drugs are especially susceptible to a drop in core body temperature. 6 The impact of hypothermia on clotting disorders is well known, while the co-occurrence of hypothermia, acidosis, and coagulopathy is called the ''lethal triad.'' Thus, careful thermal insulation, or even active warming during the whole initial period of patient management, is necessary. Although the wrapping is usually maintained during prehospital transportation, diagnostic procedures are mostly associated with removing insulating pads. This is usually because of concern that artifacts from insulation will cause reduced image quality. However, ambient temperature in a computed tomography (CT) room may be as low as 16 C due to technical reasons. 7 Numerous studies assessing the effect of spineboards and vacuum mattresses on the occurrence of artifacts in CT have been conducted. The influence of particular spinal immobilization devices on image quality and radiation dose is various. [8] [9] [10] [11] [12] Nonetheless, data about the impact of insulating materials on artifact occurrence and radiation exposure in polytrauma CT are lacking. The aim of the study was to assess the influence of using different insulating and warming systems during polytrauma CT scanning on the image quality and radiation dose.
Methods

Study Design
A prospective laboratory study was conducted. The study consisted of 2 parts. In part 1, in constant radiation conditions, we assessed artifacts visually. In part 2, with automatic tube current modulation, radiation measurements and digital image quality assessment were done.
Visual Subjective Image Quality Assessment
The examinations in this part of study were performed using a multirow helical CT scanner, namely, a Toshiba Aqulion PRIME 80 (Toshiba, Japan), and a modified protocol originally designed for whole-body CT in patients with polytrauma. The modification consisted of switching off the Toshiba SUREExposure option typically used for dose reduction, mainly by tube current modulation, depending on the patient's size and shape. Instead, a constant value of tube current was used in order to avoid differences in quality resulting from the automatic adjustments depending on the materials scanned. In this way, we could compare different covers in the same settings.
In this part of our study, we used a Styrofoam cylinder and Iron Duck spineboard (Iron Duck, Chicopee, Massachusetts). The parameters of the CT protocol were as follows: tube voltage 120 kV; tube current 120 mA; rotation time 0.5 seconds; spiral pitch factor 0.813; configuration of detectors 80 Â 0.5 mm; slice thickness 2 mm; slice increment 1.6 mm; field of view 500 mm; and convolution kernel FC08. After scanogram acquisition, the examination scope was planned, after which scanning of the styrofoam cylinder alone was performed and then of the following objects wrapped around the cylinder: The images were assessed at radiological workstations by 2 radiologists experienced in CT imaging. The presence of artifacts was described as significant (S), which may hinder the image assessment, minor (M)-artifacts are visible but do not hinder the image assessment, or none (N).
Radiation Dose Assessment
The examinations in this part of the study were performed using an ''abdomen'' protocol of the CT trauma scan to simulate the ''real'' trauma scanning. The tube voltage was 120 kV; the tube current (automatic modulation) ranged from 60 to 400 mA. We used a 32-cm-diameter CT-Lemo cylinder (Leeds Tests Objects, Boroughbridge, United Kingdom) with a CT dose profiler, namely, a PIRANHA Black 657 (RTI Electronics, Mölndal, Sweden). In order to measure the reference exposure value, the cylinder was placed on an Iron Duck spineboard, and then on a VM-110 Vakuform vacuum mattress (VAKUFORM s.r.o., Zlin, Czech Republic), without insulating material and scanned using the parameters as mentioned earlier. Subsequently, the cylinder was wrapped in sequence by the same set of materials as during the image quality assessment and scanned using the parameters as above. Three dose measurements were taken with each configuration. Data were calculated with Ocean 2014 Professional software (RTI Electronics) and presented as computed tomography dose index (CTDI vol ) and Dose Length Product (DLP). The DLP equals CTDI vol multiplied by scan length, which was 15 cm for all the scans.
Phantom-Based Objective Image Quality Assessment
The examinations in this part of the study were performed using the same scanner and protocol as during the radiation dose assessment.
We used a CT quality control phantom set, namely, Pro-CT (Pro-Project, Okszow, Poland/Miami, Florida). Initially, the phantom set was placed on the spineboard and on the vacuum mattress without insulation and scanned to obtain reference values. 
Statistical Analysis
Due to the small sample size, descriptive statistics were used. Data are presented as mean values, percentages, and standard deviations.
Ethics
The consent of the bioethics committee was not deemed necessary, since the study does not rely on data from patients' medical records. 
Results
Visual Subjective Image Quality Assessment
On the images of a Styrofoam cylinder surrounded by an HPMK blanket with a Ready Heat pad (Tech Trade, Jersey City, New Jersey), as well as by a Helios blanket with a Mediheat pad, considerable artifacts from the self-heating pads were present (Figure 2 ). On the images of a Styrofoam cylinder surrounded by a LESS sleeping bag, small artifacts from the bag's tie were present (Figure 3 ). No significant artifacts were found on the images of any of the other objects (Table 1 ). There were no discrepancies between the 2 radiologist's assessments.
Radiation Dose Assessment
The changes in the absorbed dose were higher when the spineboard was used instead of the vacuum mattress. The highest increase in the dose was associated with the use of a Helios cover with a Mediheat pad (64.66%) and the use of a Ferno 9990 blanket (64.58%). The polyester blanket placed between 2 sheets of metalized foil, as well as an HPMK cover without a heating pad, led to the reduction in the absorbed dose (À7.35% and À3.16%, respectively). When the vacuum mattress was used, the dose changes were much lower and ranged between À3.7% for forced air warming and 9.96% for an HPMK cover with a Ready Heat pad ( Table 2 ). Dose alteration caused by particular covers varied depending on the base-namely, a spineboard or a vacuum mattress (Figure 4 ).
Phantom-Based Objective Image Quality Assessment
A Helios cover, both with and without a heating pad, increased the image noise when placed on the spineboard. Every other insulating system decreased the noise from À1.5% to À11.9% on the spineboard and from À9.04% to À25.16% on the vacuum mattress. The highest decrease in spatial resolution was noted for Ready Heat blanket. Image homogeneity disturbances were observed with 3 insulating covers on the spineboard and 5 covers on the vacuum mattress (Table 3) .
Discussion
Our study clearly shows that most of insulating systems do not cause worsening of the image quality in CT. Therefore, concern about artifacts should not be a reason to remove thermal insulation in patients undergoing polytrauma CT. However, warming pads should be removed due to significant artifacts, hindering reliable image assessment. Considering the short time of CT scanning, removing a heating pad for a couple of minutes while thermal insulation is being maintained should not have a significant impact on patient temperature. This study was conducted with bearing devices. Although this affected the measurements, and we did not obtain a ''clear'' impact of insulating covers on CT imaging, the study reflected the real settings of an actual patient examination. Although the spineboard and vacuum mattress used in our study did not cause artifacts, it should be emphasized that the metal fixings of spineboard straps were outside the scanned area. Hemmes et al obtained similar results. 9 In their study, there were no artifacts in cylinders' imaging on the backboard. However, artifacts appeared in an average of 40% of scans while actual patients were being scanned. In 2 other studies, image quality strongly depended on the model of immobilization device. 10, 12 Using automatic modulation of tube current during a CT scan as in a ''real'' trauma examination, the presence of insulating materials altered the dose of radiation delivered to the phantom. Dose changes ranged from À7.35% to 64.66%. Surprisingly, certain covers that increased the dose when placed on the spineboard led to a dose reduction on the vacuum mattress and vice versa. Apart from the different absorption and dispersion of the X-rays by the bearing devices (due to their composition), this phenomenon may be caused by their different thickness. The CTDI phantom axis was an average of 5 cm higher when placed on the vacuum mattress, compared to the spineboard. Although this displacement of the sensor in relation to the gantry axis may affect the measurement, it reflects the real patient position.
The assessment of 9 bearing devices in the study by Loewenhardt et al showed change in DLP from -1.76% to 4.51% in comparison to the reference value. 10 Euler et al showed an increase in exposure of 5% to 6% after the application of a spineboard or vacuum mattress. 8 The dose changes caused by insulation, shown in our study, are undoubtedly higher. This may be explained by the different placement of the tested materials. Bearing devices are placed under the body only, while insulating covers surround the whole body. Moreover, our vacuum mattress caused a 28.2% increase in CTDI vol compared to the spineboard, while in the studies cited earlier, the corresponding difference did not exceed 10%. 8, 10 In contrast to the majority of bearing and insulating devices, warming systems can cause significant artifacts. According to Sensakovic et al, the use of an infant warming mattress was associated both with artifacts and a dose increase averaging 27%. 11 In our study, both the Ready Heat pad which is a part of the HPMK and the Mediheat pad from the Helios cover were the cause of a significant worsening of image quality. The spatial resolution also decreased, especially when the Ready Heat was used. However, the image homogeneity analysis (central-peripheral attenuation difference) only partially confirmed these findings, as the artifacts were located mainly outside of ROIs. Moreover, an automatic increase in tube current could reduce the artifacts. The impact of heating pads on the dose increase varied, depending on the bearing device. Interestingly, the forced air warming cover and Ferno insulating blanket induced the highest disturbances in image homogeneity, while they did not cause visible artifacts.
Although the increase in absorbed radiation may augment the risk of cancer, post-traumatic heat loss may reduce one's chances for survival. Thus, it seems to be reasonable to use those covers that do not increase the radiation dose substantially and to leave them on the patient during the CT trauma scanning.
Limitations of the Study
We used only one model of spineboard and 1 model of vacuum mattress. Radiation dose changes with other bearing devices may be different. Cylinders that were used in our study enable one to identify the appearance of artifacts and their intensity. Nevertheless, the effect of thermal insulation on injury assessment in CT scans of an actual patient remains unknown. Further investigation based on trauma victims would seem to be necessary.
Conclusions
The majority of the evaluated insulating systems do not cause artifacts in CT scans. When using an HPMK or Helios cover with dedicated warmers, removing the heating pad is suggested due to the risk of considerable artifacts appearing hindering the assessment. Although certain insulating covers may increase the radiation dose, maintaining protection against posttraumatic hypothermia during CT scanning seems very important and should be considered.
